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(54) Phacoemulsification needle 

(57) A phacoemulsification needle according to the 
invention comprises a shaft, a tip disposed at a distal 
end of said shaft and an aspiration lumen extending 
through said shaft and said tip. The tip has an opening 



communicating with said aspiration lumen. The shaft 
comprises at least a portion which has a ribbed outer 
surface. This needle minimizes heat generation and can 
therefore be used with or without sleeve. 
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Description 

Field of the invention 

[0001] This invention relates to a phacoemulsification 
needle for an ultrasonic surgical instrument, the needle 
being designed for promoting cavitation in eye tissue 
and for the removal of fragmented lens from the eye. 

Background of the invention 

[0002] Phacoemulsification has become the pre- 
ferred form of cataract, i.e. a cloudy eye lens, removal. 
One of the main advantages of phacoemulsification is, 
that only a small incision into the cornea or sclera of an 
eye is needed to remove the cataract. Furthermore, the 
removal of the cataract can be done very quickly. After 
the cataract is removed, an intraocular lens is inserted 
to replace the original lens. 

[0003] The phacoemulsification technique uses a 
hand held microsurgical tool known as phacoemulsifier. 
This phacoemulsifier comprises a handpiece and a 
small diameter needle with a tip to be inserted into the 
small incision of the eye. The needle and therefore the 
tip are vibrated by an ultrasonic source. It breaks the 
cataract into small fragments and pieces, which are 
sucked out through the same tip in a controlled manner. 
The tip is therefore designed for emulsifying, fragment- 
ing and/or cutting tissue and also comprises a central 
hollow bore or lumen for the suction or aspiration of the 
fragments. 

[0004] During the procedure, an irrigation solution is 
introduced to maintain the pressure and to prevent the 
eye from collapsing. In order to introduce the irrigation 
solution, the needle is usually covered by a sleeve and 
the solution flows via the space between this sleeve and 
the needle. The solution is therefore also used to cool 
the tip, which is heating up during the phacoemulsifica- 
tion. 

[0005] Heat generated by the needle or tip degener- 
ates the collagen of the cornea or sclera in the wound. 
If the collagen is degenerated by the heat, the wound 
will be damaged and cannot be self-sealed at the end 
of the surgery. An unsealed wound can cause anterior 
chamber collapse, which will result in severe corneal en- 
dothelial cell damage and most serious intraocular in- 
fection. Suturing the heat damaged tissue may attain 
sealing of the wound, however, it will cause deformity of 
the cornea and result in the large post-operative astig- 
matism. Thus decreasing the risk of the thermal damage 
of the wound by the tip is one of the most important 
points of cataract surgery by phacoemulsification. 
[0006] US-A-5'653'724 discloses a phacoemulsifica- 
tion needle which is angled to provide a more comfort- 
able ergonomic angle during phacoemulsification and 
lens cortex removal. This angled needle is also consid- 
ered to produce less heat when emulsifying the lens. 
Another angled phacoemulsification needle with a con- 



centric sleeve is disclosed in US-5'993'409. 
[0007] Different shapes of phacoemulsification nee- 
dles with slits, a second infusion hole and/or with in- 
creased outside diameter at the distal end of the needle 

5 body and the needles being surrounded by sleeves are 
described in US-A-5'989'209, US-A-6'159'175, EP-A- 
1 '1 03'238, WO 00/7461 5 and US 2002/0099325. US-A- 
5'989'209 furthermore discloses the use of a ribbed in- 
sert together with a sleeve. This shall permit continued 

10 irrigation fluid flow while reducing the contact area be- 
tween the sleeve and the ribbed insert, thereby reducing 
the risk of thermal damage to the entry wound of the eye. 
[0008] Other techniques for cataract removal use la- 
ser energy to remove the cataract. A laser/aspiration 

15 probe is used for breaking and removing the lens. A sep- 
arate infusion or irrigation probe is used for the irrigation 
solution. 

Summary of the invention 

[0009] It is an object of the invention to provide a 
phacoemulsification needle which minimizes the heat 
generation and which can therefore also be used with- 
out a sleeve. 

25 [0010] This object is achieved with a phacoemulsifi- 
cation needle comprising 

a shaft, 

a tip, disposed at a distal end of said shaft and 
30 an aspiration lumen extending through said shaft 
and said tip, the tip having an opening communicat- 
ing with said aspiration lumen, 

wherein said shaft comprises at least one portion 
35 having a ribbed outer surface. 

[0011] Since the shaft comprises ribs, preferably in 
spiral or helical form, the surface of the tip is increased 
and the cooling effect of the tip is markedly enhanced. 
[0012] The needle according to the invention can be 
40 used with or without an irrigation sleeve. 

[0013] In a preferred embodiment, the tip comprises 
a slit extending in longitudinal direction of the needle. 
When a high vacuum setting is used with the phacoe- 
mulsifier, the anterior chamber, formed of the part of the 
45 lumen extending in the tip, becomes unstable when oc- 
clusion break occurs. In this case, small amount of irri- 
gation fluid will continue to flow through the aspiration 
lumen. Furthermore, when occlusion surge occurs, the 
amount of surge can be reduced. 
so [0014] Further preferred embodiments of the inven- 
tion are described in the dependent claims. 

Brief description of the drawings 

55 [0015] The present invention will be more clearly un- 
derstood with reference to the following detailed de- 
scription of preferred embodiments, taken in conjunc- 
tion with the accompanying drawings, in which 
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Figure 1 a shows a perspective view of a needle ac- 
cording to the invention in a first embodi- 
ment, 

Figure 1b the needle according to figure 1a in aside 
view, 

Figure 1c in another side view, 

Figure 1d shows a magnified part of the needle tip 
according to figure 1c; 

Figure 2a shows a perspective view of a needle ac- 
cording to the invention in a second em- 
bodiment, 

Figure 2b the needle according to figure 2a in a side 
view, 

Figure 2c in another side view, 

Figure 2d shows a magnified front view of the needle 

according to figure 2a; 
Figure 2e shows a front view of the needle according 

to figure 2d; 

Figure 3a shows a perspective view of a needle ac- 
cording to the invention in a third embodi- 
ment, 

Figure 3b the needle according to figure 3a in a side 
view, 

Figure 3c in another side view, 

Figure 3d shows a magnified front view of the needle 
according to figure 3a and 

Figure 4a shows a perspective view of a needle ac- 
cording to the invention in a fourth embod- 
iment, 

Figure 4b the needle according to figure 4a in a side 
view, 

Figure 4c in another side view, 
Figure 4d shows a magnified front view of the needle 
according to figure 4a. 

Description of the preferred embodiments 

[0016] With reference to figures 1a and 1b, there is 
shown a phacoemulsification needle in accordance with 
the present invention. The needle may be formed from 
any conventional material as is known in the art for the 
manufacture of phacoemulsification needles. Usually, it 
is made of titan. 

[0017] The needle comprises, starting with its proxi- 
mal end and ending with its distal end, a threaded por- 
tion 1 , a hub 2, a shaft 3 and a tip 6 having an opening. 
The threaded portion 1 and the hub 2 form a joint end 
enabling the needle to be fixed to a ultrasonic device of 
the phacoemulsification handpiece (not shown) in order 
to couple ultrasonic energy to the needle. 
[0018] The needle further comprises, with reference 
to figures 1c and 1d, an aspiration lumen 4 extending 
through the whole longitudinal length of the needleshaft 
3 and communicating with the opening of the tip for as- 
piration of irrigation fluid and therefore for removal of 
fragments and pieces of the cataract. Preferably, the lu- 
men 4 comprises a first step 40 in the region of the hub 
2 neighboring the shaft 3. The first diameter d1 of the 



part of the lumen extending within the hub 2 is therefore 
larger than the second diameter d2 of the lumen part 
extending within the shaft 2. This first step 40 has pref- 
erably a conical shape. 

5 [0019] A second step 41 , which has preferably also a 
conical shape, is located within the tip 6, wherein the 
second diameter d2 is smaller than a third diameter d3 
of the lumen part extending within the shaft 2. The width 
of the opening of the tip is even larger than the third di- 

10 ameter d3. 

[0020] With exception of the steps 40, 41 , the lumen 
preferably has throughout its whole length the same 
size. In particular the lumen part extending in the tip 6 
has a cylindrical shape. 

'5 [0021] In this embodiment, the shaft 3 is rectilinear. 
The shaft 3 comprises at least one portion which has a 
ribbed outer surface 30. These ribs extending radially 
from the outer side of the shaft are preferably built by 
spiral ridges or a helix. Other protrusions are however 

20 possible. This portion extends preferably at least ap- 
proximately along the whole length of the shaft 3. 
[0022] Disposed between this portion with the ribbed 
surface 30 and the tip 6 is a tapered portion 5, connect- 
ing these two. The tip 6, which is disposed at the distal 

25 end of the shaft 3, has preferably at least approximately 
the same outer diameter D2 as the outer diameter D1 
of the shaft 3. The above mentioned second step 41 is 
preferably located in the tip 6 itself at a distance to the 
transition of the ball-shaped surface 60 to the surface 

30 of the shaft 3. 

[0023] A preferred embodiment of the inventive nee- 
dle has an outer diameter D1 of the shaft 2 and an outer 
diameter D2 of the tip of approximately 1 .32 mm. an in- 
ner diameter D1' of the shaft 3 of approximately 0.956 

35 mm, a first diameter d1 of the lumen 4 of approximately 
1.32 mm, a second diameter d2 of approximately 0.72 
mm, a third diameter d3 of approximately 0.9 mm, a 
length L of the tip 5 of approximately 4.385 mm and a 
distance x from the frontal end to the second step 41 of 

40 approximately 1 .8 mm. The distance X between two ribs 
is approximately 0.5 mm, the thickness Y of a rib is also 
approximately 0.5 mm. The length L' of the tapered por- 
tion 5 is approximately 0.8 mm, wherein the transition 
areas between the tapered portion and the tip and the 

45 tapered portion and the shaft respectively comprise an 
angle of 30° each. The angle a of the first step 40 is 
approximately 34° and the angle p of the second step 
41 approximately 30°. The total length of the needle is 
approximately 30 mm. 

so [0024] Figures 2a to 2d show a second preferred em- 
bodiment of the needle according to the invention. The 
needle is built in the same way as the needle according 
to the previously described figures. The only difference 
is, that this tip 6 comprises a slit 7 extending in longitu- 

55 dinal direction of the needle, which communicates with 
the aspiration lumen 4. This slit can be best seen in fig- 
ures 2d and 2e. 

[0025] Figures 3a to 3d show a third preferred embod- 
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iment being similar to the embodiment according to fig- 
ures 1a to Idwithoutthe slit 7 and Figures 4a to 4dshow 
a fourth preferred embodiment being similar to the em- 
bodiment according to figures 2a to 2d comprising the 
slit 7. The only difference to these figures is, that in the 
third and fourth embodiments the tip 6 is angled. The tip 
6 consists of an extension portion 60 being disposed at 
the distal end of the tapered portion 5, followed by an 
angled portion 61 and an end portion 62. The end por- 
tion 62 has a flared end surface like the end portions of 
the first and second embodiments. This forms a large 
port or opening which can remove the lens material most 
efficiently, whereas the smaller diameter of the tip con- 
tributes to the stability of the anterior chamber formed 
by the lumen part within the tip. The angle between ex- 
tension portion 60 and end portion 62 preferably lays 
between 17.5° and 20°. 

[0026] In another preferred embodiment, the ribs or 
grooves can also be located on the inner wall of the lu- 
men 4. These inner ribs or grooves can be an additional 
feature of a tip having the outer ribs, helix or grooves. 
However, the tip can also comprise ribs and grooves on 
the inner side only and the outer surface can be smooth. 
[0027] The needle according to the invention minimiz- 
es heat generation and can therefore be used with or 
without sleeve. 
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Claims 

1 . A phacoemulsification needle comprising 



a shaft, 

a tip, disposed at a distal end of said shaft and 
an aspiration lumen extending through said 
shaft and said tip, the tip having an opening 
5 communicating with said aspiration lumen, 

wherein said shaft comprises at least one portion 
having a ribbed outer surface. 

10 2. The needle according to claim 1, wherein said 
ribbed outer surface is formed by spiral ridges or a 
helix. 

3. The needle according to claim 1 , wherein said tip 
'5 has an outer diameter being at least approximately 

the same as an outer diameter of said ribbed outer 
surface of said shaft. 

4. The needle according to claim 1 , wherein the nee- 
20 die comprises a tapered portion connecting said 

ribbed outer surface and said tip. 

5. The needle according to claim 1, wherein said 
ribbed outer surface extends at least approximately 

25 along the whole length of said shaft. 

6. The needle according to claim 1 , wherein the tip is 
angled. 

30 7. The needle according to claim 1, wherein said 
opening has a larger diameter than the part of the 
aspiration lumen extending within said shaft. 

8. The needle according to claim 1 , wherein said as- 
35 piration lumen comprises a conical step within the 

tip. 

9. The needle according to claim B, wherein said con- 
ical step has an angle of approximately 30°. 

40 

10. The needle according to claim 1 , wherein said tip 
comprises a slit extending in longitudinal direction 
of the needle and communicating with said aspira- 
tion lumen. 
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